giniana), chicken (genus Gallus, Plymouth Rock), and pigeon (Columbia livia). With the exception of man, both sexes were represented but pregnant animals were not utilized in the sampling. Graphs are presented which indicate the relationships between plasma concentration (antifibrinolysin units) and the time required for the clots to dissolve. With the help of these graphs it is possible to measure the unit antifibrinolysin activity in a plasma sample from any of the species which have been studied.
The terminology used in this report will be the one recently suggested by Loomis, George and Ryder (1) and by Astrup and Permin (2) . Considerable confusion has existed in the past regarding nomenclature and we believe that a uniform terminology will assist greatly in the development of this field.
Antifibrinolysin (Fibrinolysin Inhibitor [3] , serum antitryptase [4] , antiplasmin [5] , serum antiprotease [6] ) is present in the plasma of all species which we have tested. It is not yet available in a pure state and therefore its chemical characteristics are unknown. This substance or substances in plasma inactivate fibrinolysin. It is not certain whether antifibrinolysin forms an inactive complex with fibrinolysin or whether the in-'Aided by a grant from the U. S. Public Health Service.
activation is accomplished through alteration by antifibrinolysin of the fibrinolysin molecule.
Fibrinolysin (plasmin [7] , serum tryptase [4] , serum protease [6] ) is produced in plasma by activation of a precursor(s), profibrinolysin (plasminogen [7] , tryptogen [4] , lytic factor [8] ). The nature of profibrinolysin is unknown. The proenzyme may exist as an inactive fibrinolysin molecule (7) or it may comprise a complex which includes fibrinolysin and antifibrinolysin (5) . Activation conceivably occurs through the separation of antifibrinolysin from the fibrinolysin molecule.
Three methods of activation of profibrinolysin have been described. (a) Streptokinase (termed fibrinolysin by Garner and Tillett [9] ) is derived from certain strains of streptococci (10) . When incubated with plasma or crude thrombin and fibrinogen, streptokinase promotes the production of proteolytic activity but streptokinase alone does not appear to have proteolytic activity (7) . (b) Treatment of plasma or serum with chloroform has long been known to result in the production of an active enzyme (11) . (c) Recently Astrup and Permin (2, 12) have demonstrated that tissue washings from the cells of various organs from several animal species will activate profibrinolysin. They have called this activator "cytofibrinokinase." Permin has also reported that the stroma of human erythrocytes contains an activator of profibrinolysin (12) . METHODS 
1.
Preparation of special reagents. The systems are buffered at pH 7.25 with imidazole. Ninety ml. of 0.1 N HCO are used to dissolve 1.72 g. of the salt. The pH is adjusted to 7.25 by means of HCO or NaOH and the solution made up to a 100 ml. volume with distilled water.
Thrombin Topical, Parke, Davis and Co., prepared by described methods (13) (14) (15) , is employed 785 in the clotting reactions. Two thousand Iowa units of dry thrombin are dissolved in a glycerolwater mixture containing equal parts by volume of water and glycerol. The glycerol is used for stabilization (16) . This preparation is stable for several months when stored in a refrigerator at 50 C.
For use in assaying fibrinolysin or antifibrinolysin the thrombin solution is poured to a depth of about 1 cm. in a small test tube. Stirring rods, 3 to 4 mm. in diameter, are immersed in this solution. Upon adding fibrinogen to the test samples a clot is formed by removing the stirring rod from the thrombin solution and rotating it through the solution containing the fibrinogen. This insures that the fibrinogen is uniformly distributed throughout the enzyme solution. The stirring rod is then removed from the clotting mixture. It requires about two to three seconds to add thrombin in this manner; a firm clot forms within 15 to 20 seconds.
Preparation and standardization of fibrino-
gen. For use in quantitative measurements fibrinogen of high purity and reproducible clottability is required. The bovine fibrinogen employed in these assays was prepared by the freezing-thawing technic which has been described in detail (17) . Since the preparation is stable under proper storage conditions, a large quantity is prepared and stored in a series of test tubes, each tube containing a sufficient quantity for performing the assays required during one day. The physically separated fibrinogen is dissolved to a concentration of 0.5 to 1.0 per cent in 2 per cent NaCl containing 5 per cent of the imidazole buffer. A sodium chloride concentration greater than 0.9 per cent and the slightly alkaline pH assist in stabilization. The fibrinogen concentration is measured by the determination of tyrosine (17, 18) . After dividing this stock solution and placing it into a series of pyrex test tubes it is quick frozen in an alcohol dry ice mixture in preparation for storage at -200 C.
Prior to each series of fibrinolysin or antifibrinolysin assays, the fibrinogen solution is thawed at 40°C. without agitation and diluted to a fibrinogen concentration of 0.2 per cent in 0.9 per cent NaCl. This solution is maintained at 400 C. in a water bath except during pipetting procedures. If these precautions are followed, the fibrinogen remains stable and the clottability is not measurably altered during at least a 24-hour period.
The fibrin concentration in the standardized clot has been fixed in these studies at 0.1 per cent because this concentration produces a firm clot which collapses rapidly at the end-point. Variations in fibrinogen concentration in the standardized solution result in appreciable errors in the antifibrinolysin assay. In Table I are given the dissolving times of clots, containing sufficient fibrinolysin to cause a 0.1 per cent fibrin clot to dissolve in 120 seconds, when the fibrinogen concentration is varied between approximately 0.5 and 1 per cent. The curve when plotted on arithmetical graph paper is a straight line (19) . 3. Preparation and standardization of fibrinolysin solutions. The activity of the fibrinolysin supplied by E. C. Loomis and prepared by the method which has been described in detail (1) becomes stabilized in 15 to 20 minutes after it is dissolved in imidazole buffer and this activity remains relatively constant at room temperature for two to three hours thereafter. After three to four hours in solution at room temperature the activity gradually decreases. In view of these characteristics we permit about 50 minutes to elapse before attempting to standardize the fibrinolysin solutions and dissolve no more at one time than is required for a two to three hour series of assays.
For use in antifibrinolysin assays the unit activity of the fibrinolysin solution must be carefully standardized. We define one unit as the amount of fibrinolysin activity which will completely lyse 1 cc. of a 0.1 per cent fibrin clot at 280 C. in 120 seconds in an isotonic saline solution buffered with imidazole. This unit requires three to five times as much fibrinolysin as the Loomis unit which is based upon the same dissolving time, but lyses a 0.3 per cent fibrin clot. Loomis, Ryder and George (1) carry out the lysis reaction at 450 C. instead of 280 C. Our reason for using the 280 C. temperature is based upon fibrinolysin inactivation studies. As indicated in Table II a large percentage of the fibrinolysin activity is lost, in 30 minutes at 450 C. However, our tests have not included the shorter periods (two to five minutes) usually employed in the assay. logarithm of clotting time is inversely proportional to the logarithm of the thrombin concentration and the logarithm of the lysis time is inversely proportional to the logarithm of the fibrinolysin concentration.
In preparation for a fibrinolysin or an antifibrinolysin assay a measured volume of the imidazole buffer is added to a weighed quantity of the dry fibrinolysin. Solution is facilitated by stirring. Thirty minutes after adding the imidazole buffer to the fibrinolysin the material is centrifuged at 3,000 r.p.m. for 20 minutes. This procedure removes undissolved particles. The supernatant solution is used for assay.
To determine the unit activity of a fibrinolysin solution (Figure 1 ), 0.2 ml. is pipetted into a test tube, 50 mm. x 8 mm. I.D. As 0.2 ml. of 0.2 per cent fibrinogen is pipetted into the tube a stop watch is started. Thrombin is added by stirring rod as described above and the tube placed in a 280 C. water bath. Thirty seconds after adding the fibrinogen a capillary tube, 0.5 to 1.0 mm. I.D. with a beveled tip, is lowered gently down the side of the test tube. The capillary tube pushes the formed clot to one side and the beveled tip of the capillary tube rests on the bottom of the test tube. The stop watch is stopped at the end-point of the titration, when the liquid within the capillary tube passes the level of the surrounding liquid. The capillary tube end-point method was recently developed in this laboratory to eliminate errors which may occur from temperature changes and agitation when the method of tilting the tube is used to determine completion of lysis (19) . The results which are given in this report, however, were obtained by means of the tilting method which gives essentially the same end-point but greater variation in duplicate and triplicate determinations.
The standarization of fibrinolysin for use in the antifibrinolysin assay is performed in the same manner except that the concentration of fibrinolysin in imidazole buffer is double that utilized in the fibrinolysin assay. One-tenth ml. of this solution is added to the reaction tube followed by 0.1 ml. of normal saline solution. Adjustment must be made in the fibrinolysin concentration to bring the activity, measured in this manner, to a lysis time of 120 ± 5 seconds. It is best to make the original fibrinolysin solution slightly more concentrated 4. Collection and preparation of plasma. In each species seven parts of whole blood were mixed with 1 part of 1.85 per cent potassium oxalate. Hematocrit determinations were made and the blood was immediately centrifuged to remove the cells. The plasma was defibrinated by adding Thrombin Topical, Parke, Davis and Co., in the dry form and the fibrin removed with a glass stirring rod. If the antifibrinolysin assay could not be performed immediately, the plasma was stored at -200 C. until the following day. All animals used for obtaining blood samples were in a state of good nutrition and exhibited no obvious pathology. When anesthesia, ether or nembutal, was employed, as in the cat, dog and opossum, blood was taken immediately after the induction of anesthesia. Macfarlane and Biggs (21) have indicated that fibrinolytic activity occurs as frequently in the plasma of human patients during anxiety states as during anesthesia. We have not yet investigated the effect of anesthesia on the antifibrinolysin activity of plasma.
The antifibrinolysin assay curves are based upon the pooled blood from several individuals of each species. The number of individuals making up the pooled samples are as follows: alligator 3, guinea pig 6, cow 4, rat 10, frog 24, human 10, cat 4, dog 9, rabbit 12, opossum 3, chicken 6 and pigeon 6. In addition, determinations of antifibrinolysin in the plasma of individuals of several species (bovine, man, dog, chicken) indicated that the antifibrinolysin activity in the plasma of a normal individual closely approximates the value obtained from an analysis of the pooled plasma of that species. 5. Assay of plasma antifibrinolysin. Fibrinolysin is relatively stable in solution at pH 7.2 over a period of two to three hours if the temperature of the solution remains at 280 C. or below. However, if diluted plasma is added to the fibrinolysin solution, a portion of the fibrinolysin activity disappears rapidly. If the added plasma is sufficiently dilute, equilibrium is reached within five to 10 minutes and thereafter either no additional fibrinolysin activity disappears from the system or the decrease in activity is relatively slow. In Figure 2 is plotted time against lysis time for a series of diluted human plasmas. The time curves for chicken plasma are included in another report (19) . Although actual tests have not been made, all available evidence indicates that the antifibrinolysin in the plasmas of other animals acts in a similar manner.
The measurement of the amount of fibrinolysin remaining after 60 minutes in the presence of antifibrinolysin determines the concentration activity of the antifibrinolysin. More concentrated plasma (higher antifibrinolysin concentration) inactivates a large percentage of the fibrinolysin present while dilute plasma (lower antifibrinolysin concentration) inactivates less fibrinolysin. Therefore if fibrinolysin of standardized activity is allowed to react with antifibrinolysin until equilibrium occurs, a long dissolving time of a standard clot indicates a large amount of antifibrinolysin while a short dissolving time indicates a low antifibrinolysin activity. The assay of antifibrinolysin is based upon these considerations.
Five units of plasma antifibrinolysin are defined as the quantity of antifibrinolysin which within 60 minutes at 280 C. and at pH 7.2 will inactivate 50 per cent of the fibrinolysin in 1 ml. of a standard solution containing 1 unit of fibrinolysin per ml.
To 0.1 ml. of the double strength standardized fibrinolysin solution in a 50 x 8 mm. test tube is added 0.1 ml. of diluted plasma. The tube is then Incubation time in minutes, Plasma + Fibrinolysmn at 28-
FIG. 2. THE DISSOLVING TIME OF STANDARDIZED CLOTS CONTAINING HUMAN PLASMA CONCENTRATIONS AS INDI-CATED ON EACH CURVE
The incubation time of fibrinolysin with plasma is measured on the abscissa. placed in a water bath at 280 C. for 60 minutes. After 60 minutes' incubation the tube is removed from the water bath and 0.2 ml. of the standard 0.2 per cent fibrinogen solution added as the stop watch is started. Thrombin is added by stirring rod as above and the solution mixed. The tube is then returned to the water bath. The end-point is the complete dissolution of the clot (see No. the species studied, the unit concentration of plasma antifibrinolysin may be read off on the ordinate when the dissolving time is known. The number of units determined from the curve is multiplied by the dilution factor to give the antifibrinolysin unit concentration in 1 ml. of undiluted plasma. The dilution factor includes dilution of the plasma to bring the dissolving time of the clot into the less than 300 second range and the dilution resulting from the addition of oxalate at the time the blood was drawn. For example, if the volume of the plasma-oxalate mixture in the incubation mixture is one-tenth of the total volume, seven parts of blood were added to one part of oxalate at the time of bleeding-and the hematocrit (not corrected for oxalate) was 40, then the dilu- The relationships between antifibrinolysin activity units and plasma concentration for the different species studied, depicted in Figures 3 and 4 , have been arranged in the order of decreasing antifibrinolysin activity. Thus when bovine fibrinolysin is the substrate, alligator plasma is found to have the greatest antifibrinolysin unit activity per ml. of plasma and in decreasing order of activity the species are: guinea pig, bovine, rat, rabbit, frog, human, cat, chicken, opossum, pigeon, and dog. This order is based upon the plasma concentration at an antifibrinolysin activity level of 5 units. Slight variations in the species order would result from using higher or lower unit activities as the reference point. This discrepancy is the result of slight differences in the character of the curves from species to species.
DISCUSSION
The methods presented in this report make possible a comparative study of the antifibrinolysin activity in different animals and should prove to be useful tools in the determination of physiological and pathological factors which alter the concentration of this plasma component. In addition, experimental alteration of the plasma antifibrinolysin activity level may be followed through use of this assay method and the physiological significance of such changes in antifibrinolysin activity determined by observation of the effects upon a single tissue or upon the economy of the entire organism.
At the present time it is not practical to assay for the fibrinolytic activity of plasma. Methods which have been suggested (5, 22) require excessively long periods of time and indicate little more than the presence or absence of fibrinolytic activity in an in vitro system. Evidence obtained through the use of such methods indicates that free fibrinolytic activity may occur in plasma (5, (22) (23) (24) (25) . However, since an excess of antifibrinolysin in the plasma rapidly inactivates free fibrinolysin, an assay indicating no antifibrinolysin activity would be an indication that free fibrinolysin could exist. Our assays which include studies of the antifibrinolysin activity levels in several hundred animals of different species and under various experimental conditions as well as the plasma levels in normal and pathological human individuals have failed in all cases to indicate an absence of antifibrinolysin. It therefore appears that antifibrinolysin is commonly in excess. From available evidence it is not possible to ascertain whether plasmas which are fibrinolytically active result from an increase in fibrinolysin concentration or from a decrease in the antifibrinolysin activity.
The physiological significance of differences between species in plasma antifibrinolysin activity and in the character of the curves presented in Figures 3 and 4 cannot be determined from the available data. In the assay presented here, the factors existing in the plasma of different species are permitted partially to inactivate bovine fibrinolysin. The fibrinolysin molecule may differ in each species or it may be identical. In the same way antifibrinolysin may differ from species to species, or the same molecule may be present in the plasma of all species studied. It is possible that the relative antifibrinolysin activity in the plasmas of the different species would fall in a different order if the fibrinolysin were derived from the plasma of some species not belonging to the bovine genus. However, even though the fibrinolysin molecule may differ from species to species, the fact that the plasma of all species studied will inactivate bovine fibrinolysin makes possible comparative studies of antifibrinolysin activity in any one of the several species investigated.
